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(57)Abstract: 

PROBLEM TO BE SOLVED: To simulate the formation of prescribed organ of a living body. 
SOLUTION: A classifier system layer 101 is composed of eight classifier systems 111-1 to 111 -8 respectively 
corresponding to eight ceUs R1-R8 of ommatidium and these systems execute the simulation of specified relation 
(rule) of genes in the respectively correspondent cells. A mutual operating layer 102 executes the simulation of 
mutual operation between cells. A diffusion layer 103 executes the simulation of difEusion of protein. 
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mm. 

i. 

^<omiM!:.i$(-i^m^m-2^m4i. mix - 1 tc 
?;t1e<z)^1' - ''uc f^e o r iKBsai^tc t-t a :? T i7 ^ [^©jfafls 

^T:^^i'"7'i. 30 

& 2 > b* - 5? ^'i^^Sl 0 HjfefjJ V D ^^5- A ^Ji0t^ ^ 

[000 11 
[0002] 
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[ 0 0 0 4 ] w^icflgi^'c^tsn; 
[ 0 0 0 5 ] 

[0006] ig*Ji3 tcia^&o[>fj|i8giS:&^(t. m«< 

S$BlSaiSJ<^>JSJt©i^ 5 b - 3 y^^yt i,^ 2 <J>': 
[0007] 1^3*014 tc:i3^©^#iif*{i, fiiTlEC-Jl/- 

'-i'3>&^TrsMi®^xf^.?:/i, m$iirh\ 

'?•;>'?•<!:, -7 r ? ^J? (^>4l!:§S«:'S'' ^ b - s > ^"^3^ 
[0006] 1 (CiS^!M^j!!ilS^, 

4a t * r I*. SBIiisrt tc4a« 4J^rS® 5 3. b - i' g 

[0 00 9] 

[ 0 0 10] i^jjof 1 tcjat&o^tf tg^seiigii. gfit* 
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[00 11] iS5jt3i2fciia?&<Z>ftl8^Sisgli. WSiff> 

[ 0 0 I 2 ] H Hi, *^BJ*M^03^ctfl8«AS^S© 

X. P3lB''<Al 0I*> ^^i^PCI (Peripheral Ccraponen 
X. InterconnsCT) ^tc\tXi—fi)\>>i7.m\,Z.X^-i^^t 
n. CRII I. RCW12, RW13. 4JJ:CX'^1'$7*- 

0€:^i-(./Tr-i?(^>^§:^^TT5o CPU! \ kt. RCS.n2tC 

^Tf-r^o RAMlSeCi*, CFUl 1 j!>^SS(^>5A^i£||^f'5' 

14«, S^/di^-?;^ 1 6J:oai:t?§n 

n-CC^So *:i^?l 7l*. CRII IKl^lJllilSn, g)r*«) 

1 0 0 1 3 ] ^^#^{<:^<5t^r ii. I^^W4i t/ir. 

V^'O^J^^'^S^ (Drosphila) *^|&< jl<,»6n^, 

[00 14] sr, OTicidi't:, %^9^%>-^^f<s.o 
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I/. ^2g&^4 <2nd insxar) tCfjf^yc«>Ci:g}!B©£«ij 
if^t'*C. M2ftS«i4d^^M3|^ <3rxi in: 

^tf^CiKO:?), 17"::^#" (pupa) i^t^o -et'C, ' 

[0 0 16] ^'3'?i>3'?''<x<D?f^ii/i:, {. 

C^-S-^, ( + ?^ i»;l/) (cuncie) PB!>^o "y^ 

^ifeTO® (precursor) Ji, ?>^8mi*f>» 

^iwacnnal Disc (^^) iS^T-So ^§^35*6."?^^ 
<Z>^fJCCfe(r->'C. Iraaqinal [>isd«J J: iy^'abdoimnal hiy 

blast (^gisiimsiagam) it. ^o\.>^(OTmm 

6o C<^>Iiiiaq1nal Disdi. §flli. la^, 4$ J:Wf^3 
<^>spi ctemii sA^gg A U 'CfJ^ i fgg|5<Z>tt^!Ji «i eiJ^« 

s(^)«J.i?55^ii'(^>Iiiiaqinal DiscOWS^Jij^fifili. 1f-t4^<3?J 

arlnal Discft^iTlS'T^o E13i*. JM?^tC4<3{*^liiiaqii 

< > i, ^^afiji^MT^qenltal disc {^?ilS) • 
ff^T^o mU. j©»epicbniilsl*> iS4©?^1fcSl 
tC*Jjt'«'*^t««:i??3rr*lSTO!fflia <h1stoblast) 

[0018] Iroaqnnal Dlscit. ¥itciCMiCUcSSr^<l 
pidenins(^>J^8llWnfl5J>i UTSiaS'T-S C i3{>vc'Sr'g>, 

^fili), 3 8, 2 0, 3 6r3S4 5, feJ:i>'6 4(^>? 
S§i^iS-S4ar(,i^o Ifiiaqinal dscli, -lEC#tlin?^ 

Imaqinal Di5C«"5fe. g4>:fcgt*^>©liwing • 
sc (^) -C^fO, leg disc (MS) 4>haltere {^B 
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[0 02 0] 04tt, (tg^> k: 

g^^soft,^^, c<^)^(c4<st^rii. m^o>i^ttj:h 

■C-4l«tl(^>Iii!asi1n«l QisoD^ieSS^r^^^o 
nt^^. Tl, T2, feJrCJ^TSi*. i's'5't>5'!?''<4:(?> 

®(C4>, wing disc, leq cJisc. 4<5J:J>'haltere dlscS^ 10 
[ 0 0 2 1 ] C ©J: ^ tc. 5 t> •? *!7.><x<^f1!ilSW 

c(:^>fi)^S|!|!ja(i , honeodcmal n(Z>^S!g x > 2 - 4 
ttiylC, {Ss.€'t&m^O>{n^^^ (sicinalinq molecul 
e) t l/'C OOhsdqehoq?: ^^iJt' ^ ^ (C^Te bXl,' •2>enq 
ra1led&, S^WCCl&JiS tf^o 
[0 02 2] @&(^, lea disc«:>s^^4§m^ti:^' 20 

(DisTOl) iW^SP^T'^b^, Sfc, 
&Sf^*4i^C*<t T^Ri^Cleg disc35i|||iX#^ U r ^ * 

[0023] Inwqnnal Dlsc<t>f^§it, tSi^^(D'iMMi 

m-^ o hm^sowAMitii^'^timmx'^ ^ tmt>nx so 
msnx\,»i, coEi&m^it. fsimomn^mm 

[ 0 0 2 4 1 i' 9 •? t> s J-a>leq discfit. ^^iO 

{ Cel lul ar locanon ) ■ffi^tl^tlMj^m hHXf,' 40 
¥OD^i^f^iSe^ (Transcription factors) . Jfl 

intmM<om^cm^m^<oBMicmio^MB,^ (nqa 

nds) , 4$«fcOfC-<?>fik®5ife?- (Other) <J>3'^-km 
i>Ct^VBi>, n/rto, CellularlocanonKriJl,*!:. n 
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.'i^ - >0>m%^UXl,'%o tj:^m^<OTiCijiti; ^ 
fC. leg dIsc'Ci*, (anterior) -fH^ {RKter 
r) (ventral) (dbrsal) ^'iMl^h: 

Xi.^^0 CQ>^tCiiK^X. enqranedi-tJirr-Sjge^i- 
ubitus lnt^rr\mxxistVf.t^J&B.^kt. ^tl^flM* 
m<OUq discOC'f^ (1118 (a ) ) iB?^ (ilS 
(b) ) icmmthc iyi^O^.^^f •Sii&tC. hedq. 
cq4f5^S3ig^-3ft5, lis (c) t£JRTJ:^tC. legd- 

Jfartb-f^o decapentapl«jic<tf5!rr^5S{Si=-{*, JS18 

(d) oc:^'^cf:5oc:, i«j disc<Di!|gU«)lliitc^n, « 
nqlessi-l^r^^igfe^li. ^8 ( h ) fC^^S-J: ^>KaSi 
<Dmmcigm>, f^EiUtcUO>-lm discO^^C^Jg: 
^Distal-lessi^ftr^fiiE^ (^8 ( f ) ) tt, W 

^iC. leq di5c©lS$B<^^.MiiOci, escai-wti^T-Sai 
^i^^^Ii^^o -et/t:. Distal -l655iescarq5ttCijl5S 
n^Piirdachshundil/P'^^jigWIt^T^ (@8 

(e) ) , 

[0026] cubitus mterruptusli, Dwwiinal Disc 
WiUX'^t^Ct'/i'iX'^^ifi, MT'ltenqrailetSZ 
|fe^{CJ:0»pHJ3n^, ?S^fl^(C. Itr«qinal Disci*. 

<^>ii^?*P^i<'<fc^CC&$ti'Ct*-&o cubitus Internjp- 

sii, ^B^^^WMtrj:^ rciia^j oc^O'Ct*. 

jSg^^n?*) ^Zn-fing9rt^>gS^ L/'C 
[0027] ^3S&iMr^'C'©leq disctCfet^t. wmq 
ssi*. d9capentapleg1o!>^leq disctDlaSBifgpCCD'^?^ 

SiJ^OtC, <5JPaitC^^r*o dacapentaple. 
di, Sm<Ommi!^i$*<^X, wnqlesstCJcO^W^*? 
fStl-So winqlessidecapentapleqicli, 
mia^l^X. flStCilf^t* ft-lnqlessOC-il- 
i*. leg disciC^^C^t:, decapentapleqicO^Ji^^Psi 
U. decapentaplegicC!Xl-^(j:. v^inqlesstiD^&fipSl 
c:nK:<fc9> legdi5d>V 1l^iAg^<DpiStci- 
(chlral appendage) 

[0028] 2 ■r?0>WB. ( en tena) 4*, a a 

Tvnnqlessi decapenteipl eqic?: i>tc^iCM 

nx*,^^^ cnf)ii, it^woc, a^o. ssKSiagii'c. 



(5) 



<^>«nngles5idecap9ntapleqic4*^|tCi'^1** C iU: 



^'C^f'So E19 (a) ei^T^-rjc^tu. vnnqlessidscape 

(*, Distal -lessi^-OTtiresholtSfii^CwInqlessCP^^^fC 

l/'C<,»&o 139 <c) li. vnnqlessKs'gfifk^n. daca 

[0 03 1] ^^^'a'5i>s'?.»<X(i01eg (hsciS:, g 20 

- s > tc toe (i» l«j disc^i-UT® J: ^ KlElg*?' 

leg disci*, 1 :)?i@©8l!|Ba«rWUt:(,^**^ C©tgt* 
12 6 1 (ItC^^gf 

{ S ) Ulifg© 1 eq <31 scC'SaJSii^^T-S^^ 2)5:*^ $ a. 

[0 03 2] $/C, ict^S :i^U-S^!3>K:toli'C4* 30 
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[0 03 3] S6tc, ia-«>^!K*i?>{i, m^i^m 

< 1 ) ^Ji§i^©<i£<?>a5E^^*iRM^ { Ribonucleic Acl 
<DRMto!><. PiRW (messenger RW) tt'C, ^I^Kii, 

(4) <i:©liagj!>i${asa[^iw:i^y. Sfeliflff^fS: 
[0034] i&B^^W (Transcription) li, Ss^ 

■-a? (promoter) icnt^i^:tj (affinity) ^i-en- 

odiotertC^^JXo^sKfjfS, ^OX. gf^fl!>§aTO 
^«;'iii5^<^>prw>ter(i:JSi:J'':>< CitCJ:*:, ^OPSii 



[ 0 0 3 5 ] c ^: f, mB^<D^n^m m^it-^ 

S) 'S§gBlt«r7^''?^^-a? (activate 

r) , iSe^H^Ji^Wj-rSftb^r^rf S3iaM*»J:3 
U^-y- (repressor) (SfcltWl'tK'^? (Inhlblw 
r} ) i&TSo t**. Bll l«:5Rf g)flt<3!>iS 
a^^X (qeneX) tCl^lrX. SdMa (protein a) : 
activator'CS> ♦J , ^QSI) (protein b) repress* 
f*S4>(0t'rSi, gaPa3!>iaSg^-X(^pra!noten 
■It^TSfS^P (a) Ji. OT<^>5j:*C'^f CiiO^'CSf 
S. 

[li^n 



afflnilyaXUH-affinilybXU^ 



•) 



(1) 



[ 0 0 3 6 ] ^ ( 1 ) ici$t,^x. U" i u*!*. -en-t- 

n. proi«ioterfCg4>ja^lUft:Jig)TtC*JWSgagai§ 
a^b(^>?i8!J|f$Ji<l/, affinity, 4(JJ:e>'affimtVbt«, -e 

S, 

[0 03 7] ^/c, MB^Xommt. <-<DmB'i'0>n 
Ji^ffif gap-C«>SactivatorC'Ji^#^P ( act1«/ato 
r) ifi m I l<m^. Sm^$i<D^'k^P (a } 
^) . ^^0mB (Thre5hoM.»,x) tltiftofci* 



40 [0039] [tiRHAf^)g!l!R ( Translation) ktm.^Vi> 
S^^<^)n«M\(exstingmRK'0 <t><§ttfl:^, niRNA5&%^' 
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[ 0 0 4 1 1 [i I 2 ii, If g£i^A-?AC«m^^^ 

7 7 'frt^X^^Ali (Oassifier Svstsn Layer) 1 () 
(Interaction Layer) 10 2. i$Xl>, ^^W.<0^%t 

[004 2 ] ^'■?S/7T'r7i''Xf^ASl 0 U*. mm 
^, lElfiS 1 0 3tt i?-^i^"7 7 -i7S';^r A^ i 0 i 

'?xmmm>^&w.twst^^m^x'h^, mx 
[1^2] 

Ei4|a9«<s] 

[0 04 4] ^ (3) tc^ac^r, U,.«.„„tiU 

mMt. mmm>mumo>m.m^L'X^^^^ d 
[0045] mnmrn mi$ti>mmf>m 

it^i*, # ^ i'^ 7 7 i'Ar A ( SlifflJig) OC' 'J A ^ 40 
[0046] -4f'-^5 »u-*/s>0i:fe(,^'C43:. ^ 

tit. ^^$iKtcm&^(rjm&m^<fymmtitt. 
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[ 0 0 4 8 ] 0 1 3 1*, Sige^liSl?8fiF&5j^T7^- 

'7'^?::5iL/'c«,»'5» c©®«:*ji»i:. m.nLTh'^nx^^- 

nqless km) kt. Distal-less (dll) i HI stone 1 5 < 
15) (<:^L/T:««actimoril/Ta!i<*^, decapentapL 
ic <clpp> Icni^Xkt. repressor <!;U'Cfl6< Cid^^^ 

[0049] i''?S^'7T'<7S^;^f^A@l 0 14*. Si 
(1), {2>*<^t^^n^, 

[ 0 0 5 0 ] taiKffcvxf^Ait, » u-*/.? i><j>^ 

(qreen) . # {blue) , 0p (red) . SAllit (yell* 

w) <i>4':>(3Da(D^*>(z>i,*'rn*i*iiioi'C6*n:t' 

[ 0 0 5 1 ] Uh<j>jL ^{C . s 0 s ^vxC'leg . 
scR^te^^^Ji^';? - >*|.|^T-S C i X'^ io 
[ 0 0 5 2] yitc, -4c|fe§9®M2<0||t£©«JfiSSi Ur. 

sytc-^i^'xmmt^^ 

[ 0 0 5 3] t^90t>9 'y^<s.o>m^it. ^n^M^ 

{Rl, R2, R3, R4, R6, R6, R7, R8 

mi^ btm!m<^WiS&)f3:m!!t!.K.&''^U^Xl.>i>, 
[ 0 0 5 4] ^>30i>s '?'""<X(3[>?gl54*, eye-antenn. 
sc^i^i^ ^ C i (<: J: 0 «3 n-S, eve-eintenrta 

m<DmMi.mmO m<DmnJ: O 4 U eve-antsi 
al cHsd*. |fe^0?i(l2TOC. i^ifflJgiC^^fJHB 
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31 1? 

^S<<i:-56clfi3SU'Ct^<o C<Z>6.torphoq6nsTic Furrcv;© * [0060] ^2Hi, '>9 0l>3>:J^<s.Oim.^!^* 

mf^X\ # 1 ^^^m^nMowmtomStz o ^ ^ s u-s^ ^ ^^^t-T *m^K*j4* Slf^i';^?'. 

tC. eve-antennal disciCfel^T. MorphoqeneTlc Furro <D??^^f^(./*C&*J . ■C-CD^^jiMl'.^'^^, 

[ 0 0 5 6 ] 1 6 (i, niSK^ji-^STfes^sifflsaco^ffc fcif>. ccx'^^t>nmm<it. r i t^sr 8<!?^if 6- 

5. R3 ; R4. fecKO'R I : R 6©3ia©OT©^^3:>4 fiS^gt^ C i4>Hjfig-Ca&^. 

BX^it$inXi,^<o cn^<:#l^ R 7 i-C-(^>/ili<^4 [0 06 l ] C(Z>0<tCfe<,*'C, i^T't'^T'fri'X'f. 

[006 7] «I!ISaR8<D^t^^Sx,-d>li. t>^ig± ^^:*^^t•^^^iaFi(^>^S^s^<^>^^,gf^f^(OT. ^I'-^'l' 

n«<fc*3, •c-ft«'n<??iiiR«:*jw*^c«i'Ofl>Siii8aR8 20 n<^. 

*5JfM$n^« [ 0 0 6 2 ] P 2 2 li, S i' 7- V7 T ^ T VXi?* A©J 

[0 05 8] c©i:^tc. ittJjJiSt.^fc^i'C^sasat??^^ j5^t?i]^si(./t:(<»-So c<^>i?iii^:fet*t:. ^^T^v^T-rr- 

8»isife$n4, cc!>ii?c*st»t:ii. m^^tf\^-xmfy {mt(mmB^) ^mthtciixovT i^^r i d 

nfc^>©3!>i. m%tintcmm^^UXi,^i>^ (Factor ID) i-C-C^Sia^l (Threshold) (C«fc9^& 

I*. jH5^-A®§iaS>!i*ii&¥-B<D|Ei:«r?St4ikT* C [ 0 0 6 3 ] 0 2 3 1*, 3^ ^ ^7 t 

agbB(^>ls?-^WJ'S'^?:i*7jTt*Ct^-&o 112 0 Aiitf5^BJ:9-C-4a'e*l4.>0^§n?cFactorAiFacti 

It. 11 |jg^?S3ge^^<Z> 'J A h i , ^iCi^VC^^ B «5C'£^gC3«>^ ISifii 0 . 5 V±V^ 6 i # , Me^^ C(DJ 

CSl : A 0. 5, B 0. 5 ^ CA • • ■ (5) 

[ 0 0 6 4 ] ^5 , { 5 > ^OC W ^ C S 1 1 1 . .'U 40 fc-r ^ifiyvvHT f - A{*i^^pgf^&tC ab 0 . 

[ 0 0 6 5 ] i§i» (ffifPfflS 1 0 2 S feli^iS^S 1 0 titdJ|^ff > o OT®1^^ .'Udi6©y ? ^ 



(8) 



13 

life (pjiiocfet^^T^jie^fei^^)^^) Kisis^s^x. 
[ 0 0 6 7 1 i c -sf, wm<K>m.m^±.^ < ^> 5 

[0088] mm 1 034*. ^« >%fig^^i 
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a. ^ (6) ttri^jt^-c. u,i*. 

I/. D,4*. gaMi«>tJt:Si«4mi/t:<,»-&o 



9> 



] 



-i7) 



[ 0 0 7 0 ] :^ 7 S 2 2 oc MJi^. t ici$ii 
m (Diff, ) i, t - 1 CClsW^H^ (l>i#f,., ) 3!>^ 



m^. imm7^tii>, -is. ^^■;>'7-s2 3icfe(,> 

X. <Diff,.i<E)iffJ ^C^^i+lMSnfeJi^. mi 
[0 07 1] CODJc'JtCU'C:, #B#IS»C, m\tLil-- 

Wiznx^.^i^ 

[0072] u-i's >it. yT<^^(4='C'«if1^ 

ooi-r^o 

[0073] 0261*. W±(!>t^^»b-Vs:'<Z^m 



6, J.'^ =..^-i.'s>«:l OHi^^TUy-d^ 

<f>^^(K>ii^^^^hX\,^i>^ ^ISR a <tiiffll2R 2®jU- 

jKDSiSstfbi*. •enen02 8 2 9 cc^s ntn 

^. ^fe&fc. >U-JH7^jS4 0<I>S:^"r'?7S«)^J 
[ 0 0 7 5 ] la 2 7 tCij^S J: . ijafigR 8 idfflj 

mrAmnm >i - %m\.^tctcif>x'hh, co> 

X*t^^„ if (agonal is expressed} xhen activate { 
[0076] Hl*>, atonalODSSm. routihC[>|fe31? 

f>nXi.»i>fcib. iJffllSR8iWR2«>]^*M:rouqh30 
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[00781 c fi^^m^fcM^O*^ 5 * U"-!' 9 :^<?) 
or. W^K 6 iSaSSR 2 (C4<j4iS atonal©!^ 

[ 0 0 6 0 1 s^-c. pj±<D^imm^mmmii^mn 

[0 08 1] 
[|li5C>fifMfjt^^] 

[113] ^j!r^©!ipaqinal Disci ^^<0#i|l©^ffl£«:^ 

[06] leqdisct^X^gCja-m^^Tiaf'^l^, 
[[17] leqdiscOC^l-r^jiiS^C-a^&^T?'-"?' 



(9) #^20 0 0-163398 

16 

[pill ^^^m^^^wmt hm^hh^ 
[^13] jieiH^>*iU5W**^f ^-y^i'&^t-ri- 

[HI 4 ] leq disci^J^jig^tCMf^fe^^O^-C- 
[HIS] Eve Unacnnal DisciC*JW*fcbrphcQ9neric 

[me] mm^ii^i>it^t?^m<Dmwi^^7ic 

10 jUT-^-So 

CH 1 7 1 WR8<^>jiai=£flj|^|t'^0T'S>6, 

[^ 1 8 1 mm-^mmmhim^imt^wc. 

[0 2 0 1 V s 3 O''<:£^(m.0^m^fm^'^B: 

[02 1 1 i^-?*?i^3 'i'AX<3?^IBKji5fi£<^>S''^ ::r. b-- 

20 [022] i'-?i''7T'^7i'X'f A'C'W*»sn^-»U'-. 

[02 3 ] !il2 2(J>mW^'l^^7iitmvhh, 
[024] .'U-^Kl>|ft^«>Sam^sj||9T^7D-^i'- 

[0251 -4ci' 2 a U-ix 9 XD^ttCC'Ji^m^^jnfe. 

[026] mR8i$llgSR2(c:^(:»^atonal(?}^' 

[0 2 7 1 ^ifaR 8 i^SSR 2 ^ rouqha>^g$ 
30 fiP^T^^Uf'^f'So 

[02 81 .WR 8 tv:fc4i4bJl'-,'Ki:'S«lS[fl>lS:fk«:ga» 
'§'-S0't?ab&, 

[02 9 ] i|aiiaR2CC4jW^jU-jKZ>«]S<^^{k?:Sft» 

[0 3 0 1 ^xQr\<ii<m-^W%Oxw^tmi$iUcm 

[03 1 1 Ji2 6<^>«!i<^)pil?:5tf fH'C^-So 
[03 2] 112 7C[>{&fl9i?ll€:5if ja'C«>*o 

40 10 1 J'7'i':?T'fTi';^-?AJS, 102 tlSi 
m 103 ^ftS 
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mi] mz] 




Lava of DnssaphUa Adlill ol OiOSQpttlla 




(31) 



t5^2 0 0 0- 1 6 339 8 



Gens 



[117] 



daffi(h8huncS 



fiuelesf 
ituelear 



extraoevuidr 



131 





on 


cl tih <|pp 


J2L 










+ - - 








«i 
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